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ABSTRACT

An investigation of surface area production is conducted for supercritical mixing layers; the results are
relevant to flame area evolution and fluid disintegration. In this study, the surface is chosen perpendicular
to the mass fraction gradient. Employing a database of transitional states obtained from Direct Numeri-
cal Simulation of temporal three-dimensional supercritical mixing layers for two binary-fluid systems, it Vis
shown that independent of the initial perturbation wavelength used to excite the layer, area production is
primarily determined by strain rather than compressibility. Thus, the conservation equation for the strain-
rate/conserved-scalar-gradient tensorial product is derived for real, non-ideal fluids, and the contributions
to its evolution are identified and evaluated. The results show that, independent of the species system and
perturbation wavelength, strain and convective effects always produce area, whereas species mass flux and
rotational effects always destroy it. Viscosity effects are negligible, and the pressure gradient effect generally
destroys area. A large pressure-gradient-term contribution to the strain-rate /conserved-scalar-gradient RMS
is found, and is attributed to departures from perfect-gas behavior. Area production increases with decreasing
initial density stratification of the layer, and with smaller perturbation wavelengths. The most active layer
also exhibits the largest probability of having perpendicular vorticity and conserved-scalar-gradient vectors.
To elucidate the significance of this aspect, a conservation equation for the vorticity/ conserved-scalar-gradient
is derived and its budget is examined. On a local cross-stream basis, the vorticity/conserved-scalar-gradient
scalar product evolution is shown to be governed by the species mass flux and the viscousv stress, while on a
volumetric basis, compressibility is the sole contributor; as a consequence of the volumetric equation, a time
invariant of the system is ideﬁtiﬁed. It is also shown that the dilatation acts as a ‘restoring force’, always

inducing changes towards the maximum aresa creation.



1 Introduction

Flame behavior is notoriously affected by the interactions of the strain rate, S;;, and vorticity, w, with scalar
fields [1]. These interactions can be conceptualized as a stretch of the flame surface due to strain, and as
a folding and wrapping of this stretched surface due to the action of w. These processes must coexist in
order to conserve and/or promote the development of flame surface area. Flame stretching has been studied
extensively [2], [3], [4], and the alignment of w and the scalar gradient, ¢, with S;; have also been investigated
[5]; all these studies addressed subcritical fluid conditions. Conceptually, when w and ¢ are orthogonal, flames
become wrapped around a vortex tube, thereby increasing the surface area [1]. However, when w and ¢ are
parallel, transport of reactants increase within the flame, and no increase in flame area occurs [1]. More
generally, it is of interest to inquire about the mechanisms leading to changes in a surface ares, (e.g. relevant
to fluid disintegration for combustion enhancement) due to turbulence; an evaluation of these mechanisms
in the absence of chemical reaction leads to a conservative estimate of these effects, with implications for
reacting situations. The supercritical regime is ch(;sen herein because of the numerous combustion systems,
such as liquid rocket, gas turbine and diesel engines that operate at supercritical pressures with respect to
the fuel.

Despite the wide range of combustion applications, there is only a scant body of fundamental studies
on shear-induced turbulence under supercritical conditions [6], [7]; even less is known about aspects of
superéritical turbulence relevant to reacting flows [6], 8], [9], [10]. The present investigation represents a
step in elucidating some of these aspects. As detailed in [11], a thermodynamic state will here be called
‘supercritical’ if either the thermodynamic pressure, D, or the temperature, T, exceeds its critical value, p,,

or T, respectively, i.e. p, =p/p. > 1 or T, = T/T, > 1 for the fuel.

2 Conservation equations and surface creation

The present governing equations originate in a model previously validated [12] with an entire set of micro-
gravity drop-data [13], encompassing the CyHyg/N, subcritical and supercritical regimes. This model was
adapted for mixing layers [14], and implemented [6] to achieve transitional mixing states. The governing
equations are succinctly stated below. Due to space restrictions, the published model equations will not be

reproduced here except for those that are essential to the present derivation.



Using the classical nomenclature for mixing layer coordinates (z1 streamwise, z cross-stream, z3 span-

wise), the conservation equations for a binary mixture of general (Newtonian) fluids are:

9p/0t + 0 [pu;] /0z; = 0, (1)

9 (pus) /0t + 0 [pusu; + pbi; — 745] [0z = 0, (2)

8 pes) /6t +8(peu +p) g — sy +aric) [0 =0, | 3
9 (pY2) /0t + 0[pYz uj + jaj] /0z; = 0, (4)

where p is the density, e; = e + u;u;/2 is the total energy (i.e. internal energy, e, plus kinetic energy) and
Y, is the mass fraction of the lower-stream (24 < 0) heavier fluid (Y1 =1 —Y,). Furthermore, q;x is the
Irwing-Kirkwood (subscript IK) form of the heat flux vector [15], j2 is the species mass flux vector and Tij

is the Newtonian viscous stress tensor
Tij = (285 — (2/3)Skkbss], Sy = (1/2)(0wi/dz; + Bu;/0;), (5)

where 6;; is the Kronecker delta function and y is the mixture viscosity. According to [12], the form of the

diffusional fluxes is:

UK = — [A}KBT/ dz; + arx R,T[m/ (mlmz)]jéj] , (6)
J2j = — [j3; + apxY1Ya (pD/T) 8T/dz;], (7)
ja; = pD[apdYa /0z; + YiYamyma (R, Tm) (v,2/ma — v, ms) p /0] )

where eq. 6 is the JK form of the heat flux ([15]); D is the binary diffusion coefficient; the mole fraction is
Xo = maYo/m; mg is the molar weight of pure species o; the mixture molar weight is m = X;m; + Xoms;
the molar volume is v = m/p; v, is the partiél molar volume; ap is the mass diffusion factor; and )\II K 1s
a thermal conductivity. Also, ajx and apg are the thermal diffusion factors corresponding to the IK and
the Bearman-Kirkwood (subscript BK) forms of the heat flux ([15]), respectively; they are the transport
coefficients associated with the Soret (in the molar fluxes) and the Dufour (in the heat flux) terms of the
transport matrix, and are characteristic functions of (p,T,Y;) for each particular species pair. Although

ark(p,T,Y;) and apx(p,T,Y;) are currently unknown, it has been shown [12] that

ork = opk + (1/RuT)(mymg/m)(h o /mg — h 1 /my) 9)



where h , is the partial molar enthalpy. Here, )\II k=2 +X1X5 o ag kRupD/m, where X is the thermal
conductivity. To calculate ap = 1+ X,[01n(p,)/ 09X, the fugacity coefficients, ¢, are calculated from
the equation of state (EOS); ap measures departures from fluid mixture ideality (i.e. from ap = 1) [12).
The Peng-Robinson EOS is employed in conjunction with the above equations [14]. The Schmidt number,
Sc=p/(papD), and the Prandtl number, Pr = 1Cp/(mA), are correlated at fixed pressures as functions of
(T'Y;) to mimic the accurate values obtained in calculations based on the exact values of D and X [10], [14],
16]. A reference p, 1p, is obtained from the specified initial Reynolds number, Reg = 0.5(p; + P2)AUobu0/ 1 g
where AUy = Uy — Uy is the initial velocity difference across the mixing layer, which is calculated from the
specified value of the initial Méch number, My, and 4, ¢ is the initial vorticity thickness [14]; g is further
used to calculate u(T') (6], [14].

In a coordinate system fixed to a surface oriented perpendicular to ¢, its stretch is [4]
(1/A)(dA/dt) = ~(€i€35i5)/ (Cli) + Sk, (10)

where A is the area of the surface, such as an infinitesimally thin flame. This study presents an examination

of the phenomena responsible for the variation of (1/4)(dA/dt).

3 Results and Discussion

To understand the phenomena contributing to (1/A)(dA/dt), a transitional state database obtained from
Direct Numerical Simulation (DNS) of three-dimensional (3D) supercritical temporal mixing layers 6], [9],
[10] is analyzed. Streamwise and spanwise perturbations of wavelengths A\; and As and amplitudes Fyp and
F3p are imposed on the initial velocity profile in order to excite the layer and eventually lead to transition
[6]. Following typical temporal simulation protocols [17], the computational domain size is 4X1 and 4)3 in
the z; and 3 directions, and the evolution of the layer encompasses rollup and two pairings. Information
relevant to the initial conditions is listed in Table 1. The initial velocity profile, the form of the forcing
perturbations and the boundary conditions are all discussed in detail in [6], [7] and [14]. Consistent with the
validated results in [12], ayg = 0.1 for C7H1/No, and agy = 0.2 for O2/Hj as in [16] and [10]. The O,/ H,
mixture is potentially reactive, whereas the C7Hy6/Ny is not; however, preliminary evidence [18] indicates
that the addition of Oy to N, affects only minimally the distribution of the conserved scalar, which in this

non-reactive situation is that of the species mass fraction ie. ¢ =VY3).



An examination of the braid and between-the-braid contours of (1/A)(dA/dt) (not shown) reveals that
much of thé activity is spatially concentrated at the edge of the coherent vortices, with substantial contri-
bution from the interior of the mixing layer; thus, both large and small scales contribute to (1/A)(dA/de),
which exhibits both positive and negative local regions. To quantify the area creation, displayed in Fig. 1
are the average (la) and RMS (1b), of (1/4)(dA/dt) for the four layers. Clearly the (1/4)(dA/dt) average
1s overwhelmingly positive. Most area creation occurs inside the layers and on the lighter fluid side, and
the C7Hi6/N2 (HN) layers create more area than the O, /Ha (OH) layers, meaning that a smaller initial
density stratification produces more area. Also, area production seems uncorrelated with the magnitude of
Rey, (see Table 1). Noteworthy, layers perturbed with a smaller \; create more area, independent of the
species system; this finding represents a first step towards area production control in turbulent supercritical
fluids. The relative magnitude of the RMS is similar to that for the average, indicating that larger area pro-
duction is accompanied by a wider range of activity. Because both compressibility and strain contribute to
(1/A)(dA/dt), braid and between-the-braid contours of [(=€:¢;8i5) /(Cki))(Bu0/ AUy) and Sk (b0,0/AUp)
were compared (not shown), revealing that the range of the latter term is smaller by as much as a factor
of 4 than that of the first term. Further, the budget of eq. 10 is illustrated in Fig. 2 for the HN8QO layer;
the displayed average is typical for all layers, and the RMSs (not shown) exhibit a similar result. These
results show that strain contributes substantially more than compressibility to area production, motivating

its further examination.

3.1 Conservation equation for the strain-rate/mass-fraction-gradients product

To inquire about the processes contributing to the evolution of (=¢i¢;Si5), we obtained the following equa-

tion:
D Ou 1 g /10
Di (—¢i€;S:5) = 2@}?@@&;’ + SikSkiCiC5 + 1 (wiCw;¢; — wiwil;¢;) + CiCjb?i (;éﬂ%) +
O (10 . 8 (1oms
25 Ox; (p Oy, > GiSs 0z; (p Oy, ) ' (1)

The first term in eq. 11 originates from the convection term in the ¢ equations, the second and third terms
portray strain and rotational effects, the fourth term reflects the Vp influence in the momentum equation,

the fifth term is due to species mass diffusion and the last term represents viscous effects. Noteworthy,



(—Ci€;S45) is also the source term of ({¢;) (see eq. 10) since

1 D(Ckle) _ o0 (107
PR TR S (pax)' 12

Examination of braid and between-the braid (—¢i ;Si3) contour plots (not shown) revealed that the activity
is locally very concentrated and occurs within the high density gradient magnitude (HDGM) regions identified
in supercritical mixing layers for various species systems [6], [9], [10]. However, not all HDGM regions exhibit
high (—gig jS,-j) activity. This indicates that only some of the processes responsible for HDGM formation
discussed in [10] can activate (—(;(;S;;) -

To identify the phenomena responsible for the (—(;(;S;;) activity, illustrated in Fig. 3 are the average
(3a) and RMS (3b) of the terms in eq. 11 for the HN8OO layer. Most of the activity occurs on the N side of
the layer, where the lighter fluid resides. For the average, strain and convection effects lead to production of
area, whereas rotational and species mass flux effects destroy it; since the surface is oriented perpendicular
to ¢, the species mass flux tends to decrease ¢, explaining the decrease in A. Vp can either destroy surface
area, or produce it near the Ny freestream; the viscous effect is negligible. Strain and convection have similar
magnitudes at the same location where rotation matches the species mass flux, whereas elsewhere within
the layer strain and rotation dominate; Vp has the smallest contribution. Most of the RMS is however
dominated by the Vp term, while the other contributions, with the exception of the much smaller viscous
term, are equivalent. The results for the HN500 layer are similar, with the exception that the Vp term
only destroys surface area and its contribution to the RMS, while still being the most significant, is closely
followed by that of the other terms. Equivalent plots to those of Fig. 3 are displayed in Fig. 4 for the OH750
layer; these plots are typical of the OH550 layer as well. Compared to the HN layers, the average (Fig.
4a) and RMS (Fig. 4b) are here one and two orders of magnitude smaller, respectively, indicating a more
subdued activity. In contrast to the HN layers, there is a much clearer separation in the average between
the dominating aspect of strain rate in producing surface area compared to convective effects, and that of
rotation with respect to the mass flux in destroying surface area. Also in contrast to the HN layers, the Vp
effects are small in the RMS, with only viscosity being smaller. Superimposing braid and between-the-braid
contour plots of | Vp |, | Vp | and ¢¢V(Vp/p) led to the conclusion that whereas in the HN layers the regions
of ({V(Vp/p) activity coincided with the overlap of the significant | Vp | with the HDGM régions, no such

behavior existed for the OH layers. Considering that for the (p,T) conditions of the OH layers both fluids



are virtually perfect gases [10], whereas strong departures from perfect gas behavior are exhibited by the
HN layers [6], [14], the large contribution of {{V(Vp/p) to the (—(,¢ ;Si;) RMS is attributed to the strong
p coupling with p through the real gas EOS.

Volume averages of [D (—¢;(;S5:;) /Dt]&f,lo/AUg yield -1.94x1073, 7.69x 1073, 2.24x10~5 and -1.73x 105
for the HN500, HN800, OH750 and OH550 layers, indicating, consistent with the (1/A)(dA/dt) results, that
most of the activity occurs within the HN800 layer. To understand the more considerable (—¢ iC;Si5) activity

of the HN80O layer, we analyzed the vorticity /mass-fraction-gradient scalar product.

3.2 Vorticity /mass-fraction-gradient scalar product

Because the alignment of w and ¢ influences the area production, the PDF of cos{w, ¢) is shown in Fig.
5; the range of Y3 used in the calculation follows the provisional O2/Hj flammability limits of Y3 = 0.4113
and Y = 0.9895 of the rich and lé‘an limits [19] for the OH layers, and encompasses the entire range of
Y2 values inside the HN layer. Similar to the findings of [1] for subcritical turbulent conditions, the PDF
exhibits a maximum for cos(w, ¢) =0, i.e. for the vectors being perpendicular. All PDFs have a similar peak
magnitude, with the exception of the HN80O layer whose peak is considerably higher, consistent with the
larger activity in area production found from Fig. 3 and the budget of (=¢:¢;Si5)-
To examine the phenomena determining the value of cos(w, ¢), the conservation equation for (w-¢) was

derived

D 1_ ' 1 1_ =

ol w-¢)=—(w-{)(Vu)~w- [V (;V-p)J —¢- [V <;> XVp} +¢- [Vx <;VT>J . (13)
In eq. 13, the first term in the right hand side represents the effect of compressibility, the second term is
due to species mass diffusion, the third term is the baroclinic contribution, and the last one represents the
viscous effects. Displayed in Fig. 6 are the HN800 layer average (6a) and RMS (6b) budgets. Locally in
%2 /6. 0, viscous and species mass flux effects dominate both the average and RMS, with compressibility and
baroclinic contributions being minimal and negligible, respectively; this is physically understandable since
locally w is influenced by.the momentum flux and ¢ is related to the species mass flux. This situation is
typical for all layers. This means that locally in z, /w0, cos(w, €) reflects the non-ideality of the mixture,

as the term o< ap is largest in eq. 7 [6], [10]. However, from the volume integral
D
| o= @awwaw, (149
v Dt v

8



it is clear that the compressibility is volumetrically the sole feature influencing the variation of (w - ¢).
Therefore, if (w - ¢) < 0, to increase this product towards the desired 0 (to maximize A), according to eq.
14 it is desirable to have V-u > 0; on the other hénd if (w-¢) > 0, to decrease this product towards the
desired 0, it is necessary to have again V-u > 0. This means that volumetrically, dilatation acts similar to
a ‘restoring force’, always tending to induce an increase in surface area, as already seen from eq. 10. A
consequence of eq. 14 is that if dV/dt = 0 (as herein), then 8 ([, (w - ¢) dV') /8t = 0, which makes this

integral a time invariant for V.

4 Conclusions
Ve

The interest in increasing combustion efficiency through enla.rgm the flame area, as well as the desire to
control supercritical fluid disintegration in Diesel, gas turbine and liquid rocket engines, led to the investiga-
tion of area production in supercritical, turbulent fluids. To elucidate the physical mechanisms responsible
for area variation, a database of turbulent transitional states obtained from Direct Numerical Simulation of
supercritical mixing layers was interrogated; each mixing layer was initially density-stratified. This database
encompassed two binary-species systems, and two wavelength initial perturbations for each species system.
Surfaces whose area was examined in a coordinate system attached to each surface were those perpendicular
to the mass fraction gradient.

The results showed that while locally area may be’created or destroyed, on average area is always created.
Moreover, area creation is larger in the lighter fAuid region; a smaller initial density stratification yields a
larger area production; the area creation is uncorrelated with the momentum thickness based Reynolds
number at the transitional state; and smaller wavelength initial perturbations lead to enlarged area creation.
This last observation represents an initial step towards the control of area production.

An examination of the two phenomena responsible for changes in area reveals that in all situations the
strain related contribution is substantially larger than that of compressibility, and that this larger term
is most active in regions of high density gradient magnitude identified in previous studies of supercritical
mixing layers. The preponderant influence of the strain related term motivated the development of the
conservation equation for the strain-rate/conserved-scalar-gradient tensorial product, and the examination

of its budget. For all layers, strain and convection effects lead to production of area, whereas rotational and



species mass flux effects destroy it; while viscous effects are negligible, pressure gradient effects can either
produce or destroy area. Strong pressure-gradient-related RMS were found for the species-system that shows
considerable departhres from perfect gas and ideal mixture behavior, and were shown to be the manifestation
of the strong pressure/density coupling through the equation of state.

To further investigate the reasons for area production, the PDF of the cosine of the vorticity and mass-
fraction-gradient vectors was calculated and examined. For all layers the PDFs exhibit a large peak for
perpendicular vectors, with the largest peak occurring for the layer displaying the largest area production.
This is consistent with the physical picture of orthogonal vorticity and mass-fraction-gradient portraying
flames being wrapped around a vortex tube, thereby promoting a larger area. From a derived conservation
equation for the vorticity /mass-fraction-gradient scalar product, it is shown that locally in the cross-stream
direction, viscous and species mass flux effects dominate both the average and RMS, with compressibility and
baroclinic contributions being minimal and negligible, respectively. Since the species mass flux is dominated
by mixture non-ideality effects [6], the local area creation is directly related to thermodynamic effects through
the equation of state. However, volumetrically, compressibility is the sole phenomenon responsible for the
evolution of this scalar product, and it was shown that dilatation acts akin to a restoring force, always tending
to lead the system to increased area production. Moreover, the volume integral of this scalar product was
found to be a time invariant of the system.

The findings regarding the manifestations of mixture non-ideality and pressure-to-density coupling in
determining the area production highlight the importance of real gas thermodynamics in the modeling of
supercritical turbulent reactive/non-reactive flows.
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Heavier/ A
Case 2 Fyp  Reo || Ren

lighter fluid w0

>

HNS500 CrHi/No 729 0.05 500 j| 1250
HN800 CrHi6/N2 4.57 0.05 800 | 1256

OH550 O2/Hs 10.35 0.025 550 || 1513

OHT750 OQ/HQ 7.29 0.05 750 || 1507
Table 1: Initial conditions of the simulations and value of the momentum thickness based Reynolds number,
Re,,, at transition. In all simulations, My=0.4, 5u,0=6.859x10'3 m and Fpp=0.1. For the C; Hq4/N; layers,
pa/p1=12.88, p,=2.17 (p=60 atm), T5=600K and T1=1000K; for the Os/Ho layers, py/p;=24.40, p,=1.98

(p=100 atm), 75=400K and T;=600K.
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Figure Captions

Figure 1. (1/A)(dA/dt); (a) average and (b) RMS in (z; — 23) planes for all layers listed in Table 1:
HN500 (——), HN800 (— —'—),0H750 (- - — - — ), OH550 (— - — - - ).
Figure 2. Budget of (1/A) (dA/dt); average in (z1 — z3) planes for the HN80O layer: —8i5€:C;5/ (Culi)
(buw,0/AUo) (- — = )s Sik (6,0/AUo) (= = =), [=8i¢i¢;/ (Cklr) + Skr] (bu,0/AUp) (—).
Figure 3. Budget of (—(,(;S;;); (a) average and (b) RMS in (z; — z3) planes for the FIN80O layer:
20uk [0z ;C4Sij (64,0/AUS) (——), SikSkiCils (85,0/AUG) (———), (wilw;¢; — wiwiC;C;) /4 (85,0/AUR)
(20, 6,8/ 0: (1/0p/0;) (84,0/ AUZ) (), 26,810/0; (1/pBie [9s) (64,0/AUR) (— ——), ~¢.8,0/0s (1)pbise )
(64,0/A03) (=~ - ).
Figure 4. Budget of (—(;{;Si;); (a) average and (b) RMS in (z; — z3) planes for the OH750 layer:
20wk /07:¢;C1Si5 (62,0/ AUG)(——), SinSkiCiCs (85,0/AUG) (—-—— ), (WiCiwiC; — wiwi(;¢;) /4 (64 0/ AUE)
(), 6:€,;0/0: (1 p3p/ 025 (83,0 AUF) (), 26,5550/ D5 (1 pBian Bk) (6%,0/ AUB) (———), ¢,/ (1/pr 3/ 0s)
(0/AV3) (= =), |
Figure 5. Probability density function of cos (w - ¢) for all layers listed in Table 1: HN500 (——), HN800
(— — =), OH750 (- - — - — ), OH550 (— - - — - - —). For HN layers, 0.005< Y; <0.995; for OH layers,
0.4113< Y3 <0.9895. These limits encompass the overwhelming majority of points within the layers.
Figure 6. Budget of (w - ¢); (a) average and (b) RMS in (z; — =3) planes for the HN800 layer: — (w - ¢) (V-u)
(62,0/AUG) (== =), ~w- [V (1pV - 12)] (55,0/AUF) (—-=-=), ~C-[V (1/p) x V] (82,0/ AUR) (=),

¢ [Vx(1/pV-7)] (83 0/AUE) (—).
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Figure 1: (1 /A) (dA/dt); (a) average and (b) RMS in (z; — z3) planes for all layers listed in Table 1: HN500
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Figure 3: Budget of (—(;(;Si;); (a) average and (b) RMS in (z; —x3) planes for the HN800

layer: 20uk/02:¢;CpSii (8 0/AUG)(—), SikSkiC:C; (63)0/AU3) (- — — ), (wiCwiC; — wiwil;C;) /4
(62 0/ AUB) (-~ ), ¢i¢;8/8: (1) pBp/035) (65,0/AUZ) (-+-), 2,550/ 9; (1/ pjan /D) (82,0/AU) (— —
—), —€:¢,;0/0; (1/p07 1/ Ok (650/AU) (=~ - ).
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Figure 4: Budget of (—({,;Si;); (a) average and (b) RMS in (z1 —3) planes for the OHT750
layer: 20up/0zi(;CSij (65,0/AUE)(—), SikSkiCil; (65,0/AUG) (—- = = ), (wiCw;Cs = wiwily¢;) /4
(6% o/ AUB) (- - -), ¢:¢;0/8z: (1 pdp/03) (8%,0/AUG) (--), 2 S450/0; (1/ pBiak /0w) (85,0/ AUF) (— —

_)) _C’LCJB/a:C’L (1/p87jk/a$k) (5:0/[3[]02) (_- ..... _)_
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Figure 5: Probability density function of cos (w - ¢ ) for all layers listed in Table 1: HN500 (——), HN80O
(——-), OH750 (— —— ), OH550 (—--— -~ —). For HN layers, 0.005< Y <0.995; for OH layers,

0.4113< Y, <0.9895. These limits encompass the overwhelming majority of points within the layers.
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Figure 6: Budget of (w - {); (a) average and (b) RMS in (z; — x3) planes for the HN800 layer: — (w - ¢) (V-u)
(83,0/AUB) (=++—+-=), —w-[V(1/pV - J2)] (83,0/AUF) (=-—=), =C-[V (1/p) x V] (65,0/AUF) (——-),

¢ [V x (1/oV-F)] (62,0/AU8) (—)-
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